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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

The Souris, or Mous&iver originates inthe Yellow Grass Marshes north of Weyburn,
Saskatchewan, Canadmd flows southeast, crossing the northern boundary of North Dakota
west of Sherwood\orth Dakotalt then forms a loop and flows back north, entering Manitoba
Canadanear WesthopeNorth DakotaThe river eventually flows into the Assiniboine River
near Brandon, Manitob@igurel) A map of the entire Souris Rivesatashed can be found in
Appendix C Flowin the upper Souris Rivés regulated byhreereservoirs in Canada
(Boundary Reservoir, 48,990 adteRafferty Reservoir, 356,400 acift; and Alameda
Reservoir, 85,560 aeft). Total reservoir capacity is abod®0,000 acrdt. Some diversions for
irrigation and municipal supply exist on the river

The Total Maximum Daily Load (TMDL) listed segment (MI9010001001-S_00) of this river

is located in Renville County and the northeast portion of Burke Couriynsists of 43.4 miles

of the Souris River from the border with Saskatchewan, Canada to Lake Darling in North Dakota
(Figure?2). Its watershed has area ofapproximately 109,108cresnside the United States

(Figure 3).Limited data for the Canadian pgeon of this watershed is availablEable 1

summarizes some of the geographical, hydrological and physical charactefigtissSTMDL

listed segment of the Souris River.

SASKATCHEWAN l MANITOBA

® Regina

P .
If)ey[o”e

0 100

1 i
kilometers

NORTH DAKOTA

Figure 1. Souris River and TMDL Impaired Reach
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Figure 2. Location of Souris River in North Dakota.

Table 1. General Characteristicsof the Souris River and Its Watershed

Legal Name Souris (Mouse) Rivér

Stream Classification Class IA

Major Drainage Basin Souris (MouseRiver'

8 Digit HUC 09010001

County Renville and Burke&Countes, ND

Eco-region Level lll: Northern Glaciated Plainsi6
Level IV: Northern Black Prairi¢ 469

Watershed Area 109,103.7Zcres

River Miles 43.4 miles

Recentlocal legislation passed that determined the river shall be called Mouse River on all identifiable signs. It is also kna8auais the
River in Canada and too many state and federal agenitfés North Dakota
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Figure 3. Location ofthe TMDL Liste d Segment of the SouriRiver and Its Watershed

1.1 Clean Water Act Section 303(d) Listing Information

Based on the 2 Section 303(d) list of impaired waters needing TMDLSs, the North Dakota
Department of Health (NDDoH) has identified segment08D10001001-S_00 of the Souris
River as fully supportingout threateneébr fish and other aquatic lifieenefcial use duéow
dissolved oxygen concentrationk is also listed as fully supportinigut threatened fdish and
otheraquatic life beneficial use due to sedimentationfatig supporting but threatened for
recreation beneficial use due to fecal coliform bacteria

Table 2. 2010 Section 303(d) TMDL Listing Information for Souris River,
Assessment Unit ID ND09010001001-S_00 (NDDoH, 2a0).

Assessment Unit ID ND-09010001-001-S 00

Souris River from the Saskatechewan, Canada border
downstream to Lake Darling. Located in Renville County a
a portion of NE Burke County.

Size 43.4 miles

Waterbody Description

Impaired Designated Use Fish and Aquatic Life

Use Support Fully Supportingbut Threatened

Impairment Low Dissolved Oxygen
TMDL Priority High
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The recreation impairment due to fecal coliform bacteria has been addressed in a separate
TMDL, while the aquatic life impairment due to sedimentation/siltatidhneed to be address
in a future TMDL report. The results of this dissolved oxygen TMDL repmé &kso identified
nutrients as contributing to the organic enrichment impairment resulting in low dissolved
oxygen. As the NDDoH develops and implemenisient criteria for rivers and streams, it is
likely a nutrient TMDL will also be required for the Souris River.

1.2  Ecoregions/Land Cover

This segment of the Souris River watershed lies within the Northern Black Prairie level IV
ecoregion (469) (Figre 4) which belongs to the Northern Glaciated Plains level 11l ecoregion.

Within the Northern Glaciated Plains level IIl ecoregion, the subhumid conditions foster a
grassland transition between the tall and short grass prairie. High concentrations of temporary
and seasonal wetlands are found throughout the region. Additicthaliorthern Black Prairie
level IV ecoregion represents a broad phenological transition zone marking the introduction of
boreal influence in climate from the north. Aspen and birch appear in wooded areas, willows
grow on wetland perimeters, and rough tessbecomes evident in grassland associations. This
ecoregion has the shortest growing season and lowest January temperatures of any level IV
ecoregion in the Dakotas.

This watershedis har act eri zed as gl aciated and gener al
undulations. High concentrations of temporary and seasonal wetlands are present and the

drainage pattern is simple. Surficial material consists of glacial till over Cretaceows3tiate.

The soils present belong to the Order Mollisols and are typically Barnes, Svea, Hamerly,

Cresbard, Buse, and Parnell. Though the till soil is very fertile, agricultural success is subject to
annual climatic fluctuations (USEPA, et al. 199Blevation in the watershed ranges from 1,500

to 1,970 ms(USGS, 2006).
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Figure 4. Level IV Ecoregions for the Souris River TMDL Watershed
1.3 Land Use

Land use datrom the North Dakota Agricultural Statistics ServicdD@ASS, 2006) indicates

that the North Dakota portion of the watershed is primarily agricultural (70.47 percent),
consisting of crop production and livestock grazing. Faite percent of the agricultural land

is actively cultivated, tilled mainly for durumspring wheat, and other small grains, but including
a variety of crops. Twentgne percent is in pasture/range/haylands. Water and woods make up
over eighteen percent of the watershed (Tables 3 and 4, Figure 5). There are two permitted
animal feeding opations (AFOs)one medium and one smaklfhich allow zero discharge and

no confined animal feeding operations (CAFOs) within the contributing US drainage. The
number of nofpermitted animal feeding operations within the watershed is unknown, but is
believed to be significantsee also S¢ion 1.57 Other Data)

Table 3. Major Land Use Categories in the Section 303(d) Listed Souris River
Watershed (based on 2006 NASS data)

Major Category Acres Percent of Watershed
Agriculture/Cultivated 53,923.6 49.43
Pasture/Range/Hay 22,955.2 21.04
BarrerFallow 1,257.9 1.15
Urban/Roads 10,778.6 9.88
Water 18,298.8 16.77
Woods 1,889.6 1.73
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Table 4. Land Use Types in the Section 303 (d) Listed Souris Rivéfatershed

(based on 2006 NASS data)

Land Use Type Acres Percent of Watershed
Winter Wheat 635.07 0.58
Durum/SpringWheat 35,576.44 32.61
Rye/Oats/Other Small Grains 6,744.44 6.18
Beans/Peas/Lentils 2,456.67 2.26
Sunflowers 1,400.7C 1.28
Corn 860.14 0.79
Oil Seeds 6,250.17 5.73
Barren/Fallow 1,257.91 1.15
Alfalfa 409.33 0.37
Pasture/Grass/CRP 22,545 8¢ 20.67
Water 18,298.8¢ 16.77
Woods 1,889.5¢ 1.73
UrbanRoads 10,778.6( 9.88
TOTAL 109,103.71 100

ey |
- ¥ D Listed Segment Watershed
] 2007 Land Use

’lj I com
" {_ [ Sunflowers
\t_ [ Durum Wheat/Spring Wheat
B L [ winter wheat
,—4 5y Barley/Oats/Sm. Grains
e Oil Seeds
- [ Beans/PeasiLentils
J I e Fallow
;’11‘ Claver/ Alfalfa
LA B Grassland/Pasture/CRP

I voodiand
I ater

Urhan

Figure 5. Land Use Map forthe Souris RiverWatershed (NDASS, 2006)
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1.4 Climate and Precipitation

North Dakotads climate i s characterized by | a
light to moderate irregular precipitation, plentiful sunshine, low humidity, andynatinuous

wind. Its location at the geographic center of North America results in a strong continental
climate, which is exacerbated by the mountains to the west. There are no barriers to the north or
south so a combination of cold, dry air mass&grating in the far north and warm humid air
masses originating in the tropical regions regulfidy overthe state. Movement of these air
masses and their associated fronts cause near continuous wind and often result in large day to
day temperature fituations in all seasons. The average last freeze in spring occurs in late May.
In the fall, the first 32 degree or lower temperature occurs between Septefibad1Z85".

However freezing temperatures have occurred as late aslamd and as early asd-August.

About 75 percent of the annual precipitation falls during the period of April to September, with
50 to 60 percent occurrirgetweenApril andJuly. Most of the summer rainfall is produced

during thunderstorms, which occur on an average of 35 uays per year. On the average,
rainsoccuronceevery three or four days during the summer. Winter snowpack, although
persistent from December through March, only averages around 15 inches (Enz, 2003).
Historical average precipitation data for thienate station at Mohall, ND, which is within the
watershed, were obtained from the High Plains Regional Climate Center (HPRCC) and can be
seen in Figure 6.

Average yearly air temperatures at the Mohall North Dakota Agricultural Weather Network
(NDAWN) station, located within the Souris River watershed, wetd@2006) and 40

F(2007), with an average wind speed of 9 mph. Average annual precipitation ranges from 7.89
inches (2006) to 11.07 inches (2007) (NDAWN, 2009). Figure 7 shows the monthly pteipit
totals for 2006 and 2007.

MOHALL, MWD (326025
Period of Record : 9/ 1/1893 to 8/31/°009

- 4
L]
£ a5
-~ 3
5
g s
% 2
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B 1.5
]
1 1
o
E s
0
Jdan Mar May Jul Sep M
Fehk Apr Jun Aug Oct Dec
Dﬂ'_-l of Year High Flains
Regional
[ Average Total Monthly Precipitation ] Clirate
Center

Figure 6. Average Total Monthly Precipitation Data for HPRCC Mohall Station
326025, 1893 2009
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Figure 7. Rainfall Amounts at the North Dakota Agricultural Weather Network

(NDAWN) Mohall Station, 20062007

1.5 Available Data

Five sites (four in North Dakota and one upstream in Saskatchewan, Canada) were sampled
along the Souris River from October, 2006 through September, 2007 (Fjguabl& 5. There

is aU.S.GeologicalSurvey (USGSktreamgauging station(05114000)ocated approximately 14
miles west of Sherwood, North Dakpteear the United States/Canada barder

Table 5. Sampling Site Summary.

Site Name Site STORET Site USGS Gauging | Country of Location
Number Station Number
Highway 9 **30 miles upstream from Glen Ewen** Canada
Glen Ewen 385404 Canada
USGS Sherwood 05114000 United States
County Road 2 Bridge 380091 United States
Stafford Bridge 385403 United States
Johnson Bridge 385402 United States
County Road 3 Bridge 385220 United States
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Figure 8. Location of Water Quality Sampling Sites and USGS Gauging Statiofor the TMDL
Listed SegmentND-09010001001-S_0Q

1.5.1 Dissolved Oxygen Data

Historical Data(19941 2004)

Data collected from USGS @Gging Station56114000 between August 1994 and September
2004 were analed for variation of dissolved oxygen (DO) levels in the Souris River
(Figure9). Generally, the DO measurements were taken at thgmgastation on a monthly
basis; however, fewer samples werestakluring the winter months. From 1994 to 1999, a
total of 115 DO samples were taken, of which 13 data points ptcént)show DO level

less than the minimum standard level of 5 mg/L. The lowest readings of DO were recorded
on March 6, 2003 (1 mg/L) arfeebruary 15, 2001 (1.6 mg/L). These results confirmed
impairment as classified by the Health Department of North Dakota.
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Figure 9. Dissolved Oxygen Levels in the Souris River 192D06 USGSGauging Station
(05114000near Sherwood, ND(Lin et al., 2007).

In Figure10, DO concentration is plotted versus flow rate with winter data highlighted in
red squaresthis shows that most lo®O readings were recorded during winter months
when the river is covered by ice and flow was.low
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Figure 10. Flow Compared with DO near Sherwood(380091) ND 19942006. (Lin et al.,
2007).

Fish kills areusually an indicator of low dissolved oxygen in the water coluivimen

oxygen levels drop belowrag/L, warm water species, like those found on the Souris River,
become highly stressed. A fish kill event occurred in February 1999 in the Souris River in
North Dakota. Low dissolved oxygen and high levels of ammonia were noticed at Mouse
River Park near the head of Lake Darling. Fish kills also occurred in 2002,8&&Z)04
(Kellow and Fewless, 2002). It can be difficult to assign a specific cause aod effe
relationship to fish kills; quick action is needed to determine why a particular event took
place. In the winter the timeframe of a fish kill is difficult to ascertgish kills primarily

serve as amvent indicating problemand prompting further sty.
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CurrentData (20062007}

Dissolved oxygen results weadovethe standard DO level of 5 mg/L except for two time
intervals within the sampling period of record. The first low DO period was between
December and March 2007. The second low DO interval was between June and July 2007.
Dissolved oxygen results were vergnsistent in the five sampling points throughout the
reach. Figure Ldisplays the field dissolved oxygen measurements for the entire study time
and reach interval.

20
d 0 o Glen Ewen
? County Road 2
ok t ‘1 x Stafford Bridge
g . o ¥ N ® Johnson Bridge | #
=104 ’ O M + County Road 3
g0y bk i, DO
g n X x. * ' :
0 5- ?_! " .
g [ ] i ¢ ¢
0 L P . .

9/20/06 12/9/06 2127107 5/18/07 8/6/07 10/25/07

Time, mo/day/year

Figure 11. Dissolved Oxygen Concentrations fdfive Sampling Sites (Lin et al., 2010).

Two declining periodshown in Figure 1 precede the DO deficitsn the Souris River in
2006:2007. The firsand most severe defi@tcurred in December, and coincided with the
formation of ice on the river. The period of dangerously low DO lastedyrtbage months
from December to March of 2007. Dissolved oxygen levels returned to acceptable levels
with the i ncr eas ©nManch 0] 200fherawad stiliapprogximaielyt o .
onefoat of ice cover and oApril 1, 2007little to no ice cover existed. Reeration occurred
very quickly following ice out, when DO levels rebounded to approximately 10 rDgfia.
from the USGS site (05114001) provided in Figure 4.
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USGS 05114000 SOURIS RIVER NR SHERWOOD, ND
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Figure 12. Maximum and Minimum DO, Sherwood Automatic &mpler (USGS, 2009)

The USGS gauging station located near the Ganddrder automatically monitors the
river 24 hours a day. Figur& $hows a prominent 2dour variation of dissolved oxygen in
June2007.Thevaluesin Figure B are for one ®ay peria for the Souris River and vary
from week to week Note the high amplitude in the diurnal variation.
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Figure 13. Diurnal Dissolved Oxygen Variation at USGS5auging Station 0511400QUSGS,
2009)

1.5.2 Nutrients

HistoricalData (19731992)

Canadian water input greatly influences tipstream water flow rate and its quality on the
impaired reach. Water quality data for a station approximately 30 river miles upstream from
Glen Ewen(385404)for the period of record 1971 to 1992, was obtaiinech the

Saskatchewan Watershed Authofigyggure14). High total phosphorus concentrations

occur, with more than 90 percent of the samples exceeding the interim North Dakota state
standards limit of 0.1 mg/L (ND Century Code, 2001). Phosphorus conceméras high as

2 mg/L have been reported in Saskatchewan, Canada (Saskatchewan Watershed Authority,
2005). Water quality a€ounty Road 2 site (380091ne NDDoH site neaestUS/CAN

border met ammonia and nitrat@trogen standards most of the time. Phosphorus
concentrations consistently exceed the interim guideline value.
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Figure 14. Souris River Phosphorus @ncentrations at Highway9, 30 Miles Upstream of
Glen Ewen (385404)19741986 (Saskatchewan Water Authority, 2005).

CurrentData (20062007}

Data collected in this study show that elevated levels of phosp{tguse15) in the

impaired reactiND-09010001001-S_00)are consistent with historic data. Phosphorous
levels from the sit@earesthe USGS station, County RoadqFAgure16) compare directly

with the increase in diurnal variation of maximum/minimum DO levels indicated by Figure
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Figure 15. PhosphorusLevels onlmpaired ReachND-09010001001-S_00(Lin et al., 2010).




Souris River Dissolved Oxygen TMDL Final: Septembe2010

Pagel5of 43
0.6
HDissolved Phosporus *
2 05
o u|
E #Total Phosphorus
L 04 A
E *
E 0.3 1 'Y
Q * o B
02{ * . a0 m
a L4
" PO 4 “‘I o : : ¢
0.1 1 |
T L .
|
0
8/22/06 10/11/06 11/30/06 1/19/07 3/10/07 4/29/07 6/18/07 8/7/07 9/26/07 11
Time(mo/day/year)

Figure 16. Phosphorousl evels at County Road 2380091)(Lin et al., 2010).

1.5.3Sediment Oxygen Demdn

Sediment oxygen demand (SOD) is a possible oxygen depleting source. An observation of
the sediment during field visits indicated sediments were black in color and smellg8, of H
which can be a sign of thedimenthavinga high percentage of organic material. Following
this observation, sediment samples were gathered at each site for analysis in the lab by
graduate student Matt Baker. Five of these sites are displayed in Efgure

9
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Figure 17: Oxygen Depletion from Sediment inCompletely Mixed Reactors(Lin et al.,
2010).

Characteristics ahe sediment tested are displayed in T&bl€he higher the organic
content in the soil, the faster oxygen is depleted. The sites with lower percent organics
consisted more of rocky and sandy sediment while the higher percent organic sediments
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were black in color and made up of finer material. filgher percent organic soil was

found where the water was deeper and wider. Lower velocity water allows sediments to

settle out in larger pools. Oxygen depletion tests on sediment were conducted by using a

completely mixed method.

Table 6. Characteristics of Sediment Samples.

Site Site Location % Organic Coarse Composition Observed
Hwy 9 Upstream 9.45 Very Little Coarse (twigs)
USGS 6.1 No Coarse Retained

County 2 2.61 Mostly Coarse Aggregate
Stafford 13.23 Little to no Coarse

Johnson Downstream 14.91 Algae and Plant remains

1.5.4 Macroinvertebrates

In addition to the water quality sites, four sites were sampled for macroinvertebratess

of the four sites correspond to the water quality sites (T@blén order to interprahese
biological data and to develop a biological assessment methodology, the NDDoH has
adopt ed -ménter ifianw |l itmdex approach t o -likesiseess
support for rivers and streams. The muaittric index approach assumest tvarious

measures of the biological community (e.g., species richness, species composition, trophic
structure, andhdividual health) respond to humamduced stressors (e.g., pollutant loadings
or habitatalterations). Each measure of the biologicalcammi t vy, t er med a
evaluated and scored on either-a3t, 5-point scale (fish) or on a scale 6fL00
(macroinvertebrates). The higher the score, the better will be the biological condition and,
presumably, the lower the pollutant or habitapact.

bi

i me

Currently the multimetric 1Bl for the Souris River Basin of the Northern Glaciated Plains
(46) level 11l ecoregion is under development. However, enough data has been compiled and
analyzed to allow a general interpretation of the IBI scorehé8buris River (Tabl8).

Table 7: 1Bl Scores for the Souris River, 2007

Macro Station Corresponding |Final IBI Score Biological Aquatic Life
ID WQ Site ID Integrity Class Designated Use
552059 385404 58 Poor Not Supporting
552057 None 8 Poor Not Supporting
552036 380091 24 Poor Not Supporting
552053 385403 24 Poor Not Supporting

Table 8. 1Bl Threshold Condition Values for the Northern Glaciated Plains Ecoregior46).

Good - Fully Supporting

Fair - Supporting

Poor - Not Supporting

25th Percentile or 70 IBI

<69 IBl and> 59 IBI

10th Percentile ok 58 IBI
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1.55 Stream Cross Sections

Cross sections were surveyedalir of thefive sampling site$385404, 385403, 385402,
385220)in order to record accurate flow and show river bottom changesrérig).
County Road 3ite (38009) was not surveyed singast USGS testindataexists
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Figure 18. Surveyed Profiles ofSelectedSampling Sites(385404, 385403, 385402, 385220).
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1.56 Hydraulic Discharge

Flow in the upper reach of the Souris Riv@regulated byhreereservoirs in Canadghe
Boundary Rafferty, and AlamedReservois (Figurel9). Constructed by the Rafferty

Alameda Project (1988995), these reservoirs provide water to users in the area, as well as
flood protection for residents downstream, including those in North Dakota. Water releases
are governed in accordancethivihe Boundary Waters Treaty and determined by the
International Souris River Board of Control (ISRB), under the International Joint
Commission.

Specifically, Athe Province of Saskatchewar
waters which origiate in the Saskatchewan portion of the Souris River basin, provided that
such diversion, storage, and use shall not diminish the annual flow of the river at the
Sherwood Crossing more than fifty percent of that which would have occurred in the state
of naure, as calculated by the Board. For the benefit of riparian users of water between the
Sherwood Crossing and the upstream end of Lake Darling, the Province of Saskatchewan
shall so far as practicable regulate its diversions, storage, and sues insacmasthat

the flow in the Souris River channel at the Sherwood Crossing shall not be less than 0.113
cubic meters per secofl(dur cubic feet per second) when that much flow would have
occurred under conditions of water use development prevailing Beasleatchewan

portion of the Souris River basin prior to construction of the Boundary Dam, Rafferty Dam,
and Al ameda 1®3. mhe ISRB aRkeBtablished numeric fecal coliform

bacteria objectives for water crossing the boundary (see Section 2.3).

(=

Rafferty Reservoir Boundary Dam Alameda Reservoir Listed Segment of Souris River

Figure 19. Location of Canadian Reservoirs Controlling Souris River Flow



